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Introduction
For many years, human chorionic gonadotrophin (HCG) has played a crucial role at the end of the ovarian stimulation in an IVF or intracytoplasmic sperm injection (ICSI) cycle. It has been the gold standard for triggering final oocyte maturation as a substitute for the endogenous LH surge (Macklon et al., 2006) . Nevertheless, induction of final oocyte maturation with HCG is believed to play a key role in the development of ovarian hyperstimulation syndrome (OHSS) (Elchalal and Schenker, 1997; Goldsman et al., 1995; Whelan and Vlahos, 2000) . Human chorionic gonadotrophin (HCG) has a significantly longer half-life compared with LH, which results in a prolonged luteotrophic effect, development of multiple corpora lutea and raised steroid concentrations in the luteal phase (Damewood et al., 1989; Humaidan et al., 2010b; Itskovitz et al., 1991) . Additionally, it has been suggested that HCG has an adverse impact on endometrial receptivity (Fatemi et al., 2010) .
In order to prevent OHSS, gonadotrophin-releasing hormone (GnRH) antagonists have been increasingly used in assisted reproduction treatment clinics worldwide, since they are associated with a significantly lower probability of hospital admission due to OHSS . Besides the use of GnRH antagonists, alternative agents for triggering final oocyte maturation in these protocols have been postulated. For more than two decades, GnRH agonists have proven to effectively induce ovulation, with an LH and FSH surge similar to that of a natural cycle (Gonen et al., 1990; Itskovitz et al., 1991) . With the introduction of GnRH antagonists to prevent a premature LH surge, triggering final oocyte maturation with a GnRH agonist as an alternative for HCG has gained renewed interest. Due to the shorter half-life, GnRH agonist triggering reduces or even eliminates the risk of OHSS (Kol, 2004; Kol and Itskovitz-Eldor, 2000; Orvieto, 2005) . Besides, different studies have observed an increased number of oocytes retrieved compared with HCG trigger (Humaidan et al., 2005; Imoedemhe et al., 1991; Oktay et al., 2010) . Regardless of these clear advantages of using GnRH agonist for final oocyte maturation, several randomized trials have reported poor clinical outcomes Humaidan et al., 2005; Kolibianakis et al., 2005) . These poor results were attributed to a luteal-phase defect, despite standard luteal-phase support (Humaidan et al., 2005; Kolibianakis et al., 2005) . Therefore, a freeze-all strategy should be applied in these patients (Devroey et al., 2011; Garcia-Velasco, 2012) . Nevertheless, different treatment strategies for luteal-phase rescue have been postulated, resulting in a comparable clinical outcome to that seen after HCG triggering (Humaidan et al., 2011) . The luteal phase can be rescued with a bolus of 1500 IU HCG after oocyte retrieval (Humaidan et al., 2006 (Humaidan et al., , 2010a Humaidan, 2012) and the use of intensive luteal-phase support with intramuscular progesterone and oestradiol patches also achieved good clinical outcomes (Engmann and Benadiva, 2012; Engmann et al., 2008) .
LH activity plays a crucial role in the luteal phase, since it is responsible for the maintenance of the corpus luteum and its steroidogenic activity (Casper and Yen, 1979) . Furthermore, LH is also involved in the activation of extragonadal LH receptors in the endometrium and the up-regulation of growth factors involved in implantation (Licht et al., 2001; Rao, 2001; Sugino et al., 2000; Tesarik et al., 2003; Wang et al., 2002) . Subsequently, low LH concentrations in the luteal phase impair implantation and corpus luteum function (Duffy et al., 1999) . Triggering ovulation with a GnRH agonist results in reduction of LH and FSH secretion after the initial flare-up effect due to the desensitizing effect (Gonen et al., 1990; Itskovitz et al., 1991) . The decreased endogenous LH activity seen after GnRH agonist triggering, could explain the poor clinical results reported .
Two studies assessing the LH concentrations in the luteal phase after administration of clomiphene citrate in the follicular phase, reported higher luteal-phase LH concentrations than control groups treated with gonadotrophins (Smitz et al., 1990; Tavaniotou et al., 2002) . Clomiphene citrate is an oral anti-oestrogen which is highly effective in inducing ovulation and is relatively safe and inexpensive (Casper and Mitwally, 2006) . It raises gonadotrophin secretion due to blockage of the oestradiol receptor in the hypothalamus, which generally induces the development of two or more follicles (Macklon et al., 2006) .
Due to the higher LH concentrations reported after treatment with clomiphene citrate, this work postulated that the use of clomiphene citrate in the early follicular phase could provide sufficient LH concentrations in the luteal phase when GnRH agonist is used for final oocyte maturation. The purpose of the current prospective cohort study is to analyse the effect of administration of clomiphene citrate during ovarian stimulation on the luteal phase when using GnRH agonist triggering. This work studied endocrine profiles and performed histological evaluations of the endometrium.
Materials and methods

Study design
This study was conducted in 13 oocyte donors, all included between 2009 and 2011. A prospective cohort design was used to analyse the effect of clomiphene citrate treatment in addition to recombinant FSH on the luteal phase in terms of endocrine and histological profile. As parallel controls, a cohort of oocyte donors undergoing standard ovarian stimulation with recombinant FSH was used.
All participants were recruited from the IVF outpatient clinic of the Centre for Reproductive Medicine of the Universitair Ziekenhuis Brussel. This study received institutional review board approval by the local Institute Ethics Committee (BUN 14320108837, approved 24 June 2010). Written informed consent was provided by all subjects.
Study population
Oocyte donor patients younger than 36 years, with a body mass index 18-29 kg/m 2 (both inclusive), a regular menstrual cycle of 21-35 days, FSH concentration <12 IU/l on cycle day 2 and a normal ultrasound scan were eligible to be enrolled in the study. Patients who had uterine or ovarian abnormalities, polycystic ovary syndrome, endocrine or metabolic abnormalities or endometriosis (grade 3 or more) were excluded. Another exclusion criterion was a low response to ovarian stimulation (less than four follicles) in a preceding IVF/ICSI donor cycle.
Stimulation protocol
In both treatment groups, a standard GnRH antagonist protocol was applied, involving daily recombinant FSH injections (Puregon; MSD, Oss, The Netherlands) initiated at a dose of 200 IU on cycle day 2. The clomiphene citrate group received additional stimulation with daily administration of 100 mg clomiphene citrate (Clomid; Sanofi-Aventis, Brussels, Belgium) from cycle day 2 until day 6. In both treatment groups, administration of the GnRH antagonist ganirelix (Orgalutran; MSD) was initiated on cycle day 7 at a daily dose of 0.25 mg to prevent a premature LH surge. Suppression with GnRH antagonist was continued until the day of final oocyte maturation. An outline of both treatment groups is presented in Figure 1 .
A single injection of 0.2 mg triptorelin (Decapeptyl; Ferring Pharmaceuticals, Copenhagen, Denmark) was administered to induce final oocyte maturation as soon as three follicles of 17 mm were present on the ultrasonography. Oocyte retrieval was performed 36 h after GnRH agonist administration. The oocyte donors did not receive any luteal-phase support.
Hormone assays
Hormonal analyses were performed on five different days: cycle day 1-2, cycle day 5-6, on the day of GnRH agonist trigger, 1 day after GnRH agonist trigger and 5 days after oocyte retrieval. Triggering of final oocyte maturation took place between 0900 and 2300 hours, since the oocyte retrieval of the oocyte donors takes place between 0900 and 1100 hours (namely 36 h after trigger). Therefore, the blood collection took place between 8 and 12 h after trigger (i.e. 1 day after GnRH agonist trigger). Automated immune analysis was performed to measure serum concentrations of FSH, LH, oestradiol and progesterone. This was done by the hormone laboratory at Universitair Ziekenhuis Brussel (Brussels, Belgium) by validated laboratory immunoassay methods (electrochemiluminescence; Cobas 6000; Roche, Indianapolis, IN, USA).
Endometrial biopsy and histological assessment
Aspirational biopsy of the endometrium was performed using the Pipelle de Cornier (CCD International, Paris, France) 5 days after oocyte retrieval. The biopsies were divided into two pieces. One part of the endometrial tissue was fixed in 10% neutral-buffered formalin, embedded in paraffin and cut into 4-lm-thick sections for histological analysis with haematoxylin and eosin staining. The other part was snap frozen in liquid nitrogen for further RNA isolation. Endometrial dating was performed on all samples by a specialized pathologist, blinded for the used stimulation protocol and according to the criteria of Noyes et al. (1975) .
Endpoints
The primary endpoint of this study was the hormonal profile during luteal phase. The secondary endpoint was the number of oocytes retrieved. Figure 1 Graphical illustration of the treatment regimen applied in this prospective cohort design. CC = clomiphene citrate; GnRH = gonadotrophin-releasing hormone; rFSH = recombinant FSH. descriptively for both cohorts (i.e. oocyte donors with or without clomiphene citrate co-stimulation). Continuous data are presented as mean ± standard deviation (SD). Stimulation characteristics and embryologic characteristics were compared by means of unpaired Student's t-tests. The comparative analysis of endocrine profile in the stimulated cohort versus the control cohort was carried out using both repeated measures ANOVA and unpaired Student's t-tests. A one-way repeated measures ANOVA mixed between-within subject analysis was conducted to assess the overall impact of clomiphene citrate treatment on participants' endocrine profile, across three time periods in the luteal phase (day of trigger, 1 day after trigger, 5 days after trigger). Four hormones -FSH, LH, oestradiol and progesterone -were modelled separately. To detect subtle differences between the two cohorts, unpaired Student's t-tests were carried out at each time point for each hormone separately. Level of significance was P < 0.05.
Statistical analysis
All computational procedures were performed using Excel 2003 (Microsoft Office, 2003) and IBM SPSS Statistics version 20 (IBM Corporation, 2012).
Results
Clinical results
There was no significant difference between the two groups with regard to demographic characteristics (i.e. mean age, bodyweight, height and body mass index ( Table 1) . Total dose of recombinant FSH consumed and duration of stimulation did not significantly differ between both groups. The number of cumulus-oocyte complexes obtained at retrieval Figure 2 FSH concentrations in the clomiphene citrate (CC) and control groups on cycle days 1-2 and 5-6, day of GnRH agonist trigger, the day after GnRH agonist trigger and 5 days after oocyte retrieval. Values are mean ± SD.
was comparable in both treatment groups, as well as the number of MII oocytes ( Table 1 ).
In the clomiphene citrate group, six out of the eight included donors were referred to the study centre's egg bank, so no further details regarding performance nor outcome can be provided yet. Of the two remaining oocyte donors in the clomiphene citrate group, one oocyte recipient became pregnant and delivered. In the FSH group, all five donors were 'fresh donations', and oneoocyte donor gave her oocytes to two recipients. Four out of six oocyte recipients became pregnant, but one pregnancy was biochemical and another pregnancy ended in a miscarriage.
Endocrine profile FSH FSH concentrations did not differ between the treatment protocols neither on cycle day 1-2 nor on day 5-6 ( Figure 2 and Table 2 ). In the luteal phase, the main effect comparing the two types of intervention was not significant (ANOVA). On the day of ovulation trigger, 1 day after trigger and 5 days after oocyte retrieval, the FSH concentrations were comparable between both groups.
LH
In the follicular phase on days 1-2 and 5-6, no significant difference was found between both groups ( Figure 3 and Table 2 ). In the luteal phase, the main effect comparing the two types of intervention was not statistically different (ANOVA). Although no significant differences were found neither on the day of ovulation trigger nor 5 days after oocyte retrieval, LH concentrations on the day after trigger were significantly higher in the clomiphene citrate group (P = 0.022).
Oestradiol
Oestradiol concentrations were comparable between the two protocols on cycle day 5-6; however, on cycle day 1-2 the oestradiol concentration was significantly lower in the clomiphene citrate group (P = 0.014; Figure 4 and Table 2 ). In the luteal phase, the main effect comparing the two types of intervention was not significant (ANOVA). Figure 3 LH concentrations in the clomiphene citrate (CC) and control groups on cycle days 1-2 and 5-6, day of GnRH agonist trigger, the day after GnRH agonist trigger and 5 days after oocyte retrieval. Values are mean ± SD.
On the day of ovulation trigger, 1 day after trigger and 5 days after oocyte retrieval, oestradiol concentrations were comparable between both groups.
Progesterone
Progesterone concentrations did not differ between the treatment protocols neither on cycle day 1-2 nor on day 5-6 ( Figure 5 and Table 2 ). In the luteal phase, the main effect comparing the two types of intervention was not significant (ANOVA). Progesterone concentrations were similar between both groups when measured on the day of ovulation trigger, 1 day after trigger and 5 days after oocyte retrieval.
Endometrial thickness and histology
The thickness of the endometrium on the day of triggering was (mean ± SD) 9.1 ± 4.1 mm in the clomiphene citrate group and 9.4 ± 1.5 mm in the control group. Histological results of the endometrial biopsy on the day of oocyte retrieval are shown in Table 3 . The majority of the oocyte donors showed endometrial advancement on histology ( Table 4) .
Discussion
As far as is known, this prospective cohort study is the first study analysing the effect of clomiphene citrate treatment during ovarian stimulation on the luteal phase when using GnRH agonist for final oocyte maturation. This study reports only a subtle impact of clomiphene citrate on the endocrine profile in luteal phase. The luteal phase is known to be abnormal in all the IVF cycles involving ovarian stimulation (Edwards et al., 1980) . It is assumed that this luteal-phase defect is associated with the supra-physiological concentrations of oestradiol and Figure 4 Oestradiol concentrations in the clomiphene citrate (CC) in and control groups on cycle days 1-2 and 5-6, day of GnRH agonist trigger, the day after GnRH agonist trigger and 5 days after oocyte retrieval. Values are mean ± SD. Figure 5 Progesterone concentrations in the clomiphene citrate (CC) in and control groups on cycle days 1-2 and 5-6, day of GnRH agonist trigger, the day after GnRH agonist trigger and 5 days after oocyte retrieval. Values are mean ± SD. progesterone due to multifollicular development (Fatemi et al., 2007) . The high steroid concentrations have a negative feedback on the hypothalamic-pituitary axis, resulting in suppression of LH secretion. LH activity plays a crucial role in the luteal phase, since it stimulates implantation and is entirely responsible for the steroid activity of the corpus luteum (Casper and Yen, 1979) .
In this report, it was postulated that co-treatment with clomiphene citrate may result in sufficient LH concentrations in the luteal phase to adequately support the corpus luteum. Clomiphene citrate binds to the oestrogen receptor much longer than oestrogen, which might explain the higher luteal-phase LH concentrations reported in clomiphene citrate stimulated cycles (Smitz et al., 1990; Tavaniotou et al., 2002) . In a study using clomiphene citrate with GnRH agonist for ovulation induction in anovulatory patients, physiological FSH concentrations and a normal LH surge were observed together with a normal luteal phase, despite the absence of luteal-phase support. Moreover, no significant difference in either pregnancy rate or abortion rate was Early secretory phase = luteal-phase days 0-4; mid secretory phase = luteal-phase days 5-9; late secretory phase = luteal-phase days 10-14.
noted compared with HCG-triggered cycles (Shalev et al., 1995) . In contrast, a similar study in which patients were treated with gonadotrophin and a GnRH agonist trigger did not report a normal luteal phase (Emperaire et al., 2004) , and the authors attributed this inconsistency to the clomiphene citrate stimulation used by Shalev et al. However, in the current prospective cohort design with a parallel control cohort, a similar response to clomiphene citrate administration in ovarian stimulation cycles could not be demonstrated.
The results of the current prospective cohort study show higher LH concentrations in the clomiphene citrate group only on the day after GnRH agonist trigger, but not 5 days after oocyte retrieval. The main effect comparing the two types of intervention was not significantly different for LH (ANOVA). The total drop in LH as well as FSH concentrations in the luteal phase may result from the immediate desensitizing effect after the flare-up of GnRH agonist (Fauser et al., 2002) . Apparently, co-treatment with clomiphene citrate in early follicular phase did not counteract this effect. Nevertheless, it needs to be mentioned that there is no significant difference in the LH concentrations on day 5 after agonist or HCG trigger (Fauser et al., 2002) . Therefore, luteal LH concentrations alone cannot explain the abrupt luteolysis.
In contrast to HCG trigger, using GnRH agonist for final oocyte maturation induces a rise of FSH concentrations in addition to LH (Humaidan et al., 2011) . The current study observed a rise in LH and FSH in both groups. It has been postulated that the FSH surge associated with GnRH agonist trigger results in a higher number of oocytes retrieved compared with HCG trigger (Imoedemhe et al., 1991; Humaidan et al., 2009 Humaidan et al., , 2005 . The function of the mid-cyclic FSH surge is not fully understood, but may play a role in final nuclear maturation (Yding Andersen et al., 1999; Zelinski-Wooten et al., 1995) . Co-treatment with clomiphene citrate in the follicular phase did not affect FSH secretion as no significant difference was found between both study groups. Yet, higher FSH concentrations in the follicular phase were expected in the clomiphene citrate group, treated with clomiphene citrate in addition to the standard ovarian stimulation.
A luteal-phase defect is characterized by elevated progesterone concentrations in the early luteal phase in combination with a shorter luteal phase (Jones, 1996) . Since the current work aimed to prevent a luteal-phase defect by adding clomiphene citrate to the ovarian stimulation in the follicular phase, lower serum progesterone concentrations in the early luteal phase and higher concentrations in the late luteal phase were expected in the clomiphene citrate group. However, progesterone concentrations were similar throughout both the follicular and the luteal phase.
The oestradiol concentrations were similar throughout the stimulation phase, except on day 1-2 of the cycle when they were significantly lower in the clomiphene citrate group (Table 2) , although this difference has no clinical importance and is probably due to the low sample size.
The majority of the studies performed in cycles stimulated with clomiphene/human menopausal gonadotrophin observed abnormal endometrial development (Cohen et al., 1984; Martel et al., 1987; Sharma et al., 1990) . The results of the current prospective cohort study are in accordance with these studies, since endometrial advancement was fouind in the majority of the patients treated with clomiphene citrate/recombinant FSH. Endometrial advancement on the day of oocyte retrieval has been reported to decrease the chance of pregnancy . In addition, menstrual bleeding occurred 5-8 days after oocyte retrieval in all the patients treated with clomiphene citrate, which implies a decreased length of the luteal phase. Maruncic and Casper (1987) assessed the effect of clomiphene citrate administration during the mid-luteal phase on the LH pulses. They observed an increased LH pulse frequency after administration of clomiphene citrate compared with the control group, resulting in significantly higher oestradiol and progesterone concentrations, and a significantly prolonged luteal phase. These findings suggest that clomiphene citrate administered after GnRH agonist trigger, instead of in the follicular phase like in this study, could possibly rescue the luteal phase.
Another possibility is the prolonged administration of clomiphene citrate, which could save the luteal phase. Teramoto and Kato (2007) conducted a large retrospective trial using the minimal ovarian stimulation protocol with the administration of clomiphene citrate initiated on day 3 and continued until the day before maturation triggering with the GnRH agonist. Administration of human menopausal gonadotrophin or FSH was initiated on day 8 at 150 IU per session and given to the patient every other day. Clomiphene citrate was used for inhibiting the premature LH surge while maintaining pituitary function and not to work as an anti-oestrogen in order to increase endogenous FSH. The authors observed a normal luteal phase with acceptable pregnancy rates.
A major limitation of this study is its nonrandomized design and the limited sample size. Therefore, results must be interpreted with caution. Future randomized trials need to be adequately powered to confirm the present findings. Besides, the endocrine profile was assessed during one time point in the luteal phase, namely on day 5 after oocyte retrieval. Tavaniotou et al. (2002) provide data from the early, mid and late luteal phase to obtain supplementary data.
The main finding in this parallel cohort study is a luteal defect in the clomiphene citrate group despite the treatment with clomiphene citrate in the follicular phase. This is demonstrated by the lack of sufficient LH concentrations in the luteal phase, the similar progesterone concentrations in both treatment arms and the endometrial advancement in the majority of the patients. Therefore, additional treatment with clomiphene citrate seems not to be a valid alternative for standard treatment, and adequate luteal-phase support after GnRH agonist triggering remains obligatory.
In conclusion, this study shows that the endocrine profile is only slightly affected and that endometrial advancement is present when adding clomiphene citrate to ovarian stimulation in a GnRH antagonist protocol using a GnRH agonist trigger. Clomiphene citrate co-treatment does not prevent the luteal-phase defect associated to GnRH agonist triggering.
